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Abstract
The purpose of the present study was to examine an impulsive decision-making process 
underlying texting while driving from a behavioral economic perspective. A sample of 108 college 
students completed a novel discounting task that presented participants with a hypothetical 
scenario in which, after receiving a text message while driving, they rated the likelihood of 
replying to a text message immediately versus waiting to reply for a specific period of time. 
Participants also completed a delay discounting task in which they made repeated hypothetical 
choices between obtaining a larger amount of money available after a delay and an equal or lesser 
amount of money available immediately. The results show that the duration of the delay is a 
critical variable that strongly determines whether participants choose to wait to reply to a text 
message, and that the decrease in the likelihood of waiting as a function of delay is best described 
by a hyperbolic delay discounting function. The results also show that participants who self-
reported higher frequency of texting while driving discounted the opportunity to reply to a text 
message at greater rates, whereas there was no relation between the rates of discounting of 
hypothetical monetary rewards and the frequency of texting while driving. The results support the 
conclusion that texting while driving is fundamentally an impulsive choice.
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1. Introduction
It is estimated that 6–16% of motor vehicle crashes in the United States in 2013 were due to 
text messaging (National Safety Council, 2015). Despite 46 states adopting legislation to ban 
text messaging (Governors Highway Safety Association, 2016) and various educational 
campaigns that increase awareness of the danger of texting while driving (e.g., Sherin et al., 
2014), texting while driving remains a major problem in traffic safety. According to the 
Centers for Disease Control and Prevention (2013), 31.2% of drivers aged 18–64 years in the 
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United States reported that they had engaged in texting while driving in the past 30 days. It 
is particularly pervasive among young drivers; more than 90% of college students reported 
having texted while driving (e.g., Atchley et al., 2011).
In an attempt to predict who is at risk of texting while driving, previous research has 
identified various psychological factors associated with this risky behavior. These factors 
include impulsivity (e.g., Quisenberry, 2015), habitual texting tendencies (e.g., Bayer and 
Campbell, 2012), cell-phone dependency (e.g., Struckman-Johnson et al., 2015), perceived 
need for a cell phone while driving (e.g., Musicant et al., 2015), perceived texting 
distractibility (only for males; Struckman-Johnson et al., 2015), risky behavior tendencies 
(only for females; Struckman-Johnson et al., 2015), and low levels of mindfulness (e.g., 
Feldman et al., 2011).
Although previous studies have made progress in identifying psychological predictors for 
texting while driving, the underlying behavioral and cognitive processes of texting while 
driving remain unknown. For example, one hallmark of texting while driving is that drivers 
engage in the behavior despite being aware of its dangers (Atchley et al., 2011). This 
tendency may explain why legislation to ban texting while driving and education on its 
dangers have not reduced texting while driving (Ehsani et al., 2014; Goodwin et al., 2012). 
The decision-making processes that influence drivers to continue engaging in such a risky 
behavior despite knowledge of its dangers warrant further investigation.
One framework that may be useful for understanding the persistent nature of texting while 
driving is a behavioral economic approach. Behavioral economics refers to the application of 
economic concepts and approaches to the study of individuals’ choices and decisions 
controlled by reinforcement contingencies operating over extended periods of time (Bickel 
et al., 2014). When drivers engage in texting while driving, they make a choice between 
immediate text messaging (ultimately less valuable given the increased risk of a motor 
vehicle crash) and withholding text messaging and waiting some length of time until arriving 
at the destination (ultimately more valuable given safety). From a behavioral economic 
perspective, texting while driving can be viewed as an impulsive choice toward a smaller-
sooner reward (i.e., immediate short text message) at the expense of safety. One potential 
explanation for this preference toward a smaller-sooner reward is delay discounting—the 
process by which the decision maker subjectively devalues future events (Madden and 
Bickel, 2010). An impulsive choice is made because the subjective value of a reward is 
discounted as the delay to its receipt increases (see Green and Myerson, 2004; for review). A 
large literature draws important connections between choice patterns using discounting tasks 
and a range of impulsivity-related problems, including substance dependence and abuse 
(MacKillop et al., 2011), obesity (e.g., Epstein et al., 2010), pathological gambling (e.g., 
Petry and Madden, 2010), internet addiction (e.g., Saville et al., 2010), HIV-risk behavior 
such as needle sharing (e.g., Odum et al., 2000), risky sexual behavior (e.g., Chesson et al., 
2006), and criminal behavior (e.g., Arantes et al., 2013).
The extensive literature linking delay discounting and various impulsivity-related problems 
provides a compelling rationale to examine discounting as a potential mechanism that under 
lies texting while driving. Hayashi et al. (2015) recently reported patterns of delay 
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discounting in relation to texting while driving. Using a delay discounting task with 
hypothetical monetary rewards, they compared the degree of delay discounting between 
college students who frequently text while driving and those who infrequently text while 
driving. They found that the rate of delay discounting of monetary rewards was greater for 
participants who frequently text while driving, suggesting that texting while driving is 
associated with impulsive decisions. Despite this evidence, it is not clear how the delay 
associated with texting per se (e.g., having an opportunity to reply to a text message after a 
delay) affects drivers’ decision to engage in such a risky behavior. Further investigation is 
needed to better understand behavioral and cognitive processes underlying drivers’ decision 
to text while driving.
To date, two studies have investigated the role of delay discounting in decision-making 
processes associated with general texting behavior (i.e., not specifically texting while 
driving). Using hypothetical scenarios, Atchley and Warden (2012) presented college 
students with a series of choices between one option to receive a smaller amount of money 
(e.g., $5) and reply to a text message immediately and another option to receive a larger 
amount of money ($100) and reply to a message after a delay (e.g., 60 min). Also using 
hypothetical scenarios, Reed et al. (2016) presented 18 to 64-year-old participants recruited 
via Amazon Mechanical Turk with a series of choices between one option to pay a small 
amount of money (e.g., $5) and read and reply to a text message immediately and another 
option to read and reply to a text message after a delay (e.g., 60 min) for free. In both 
studies, the likelihood of waiting to engage in texting decreased as the delay increased. In 
addition, the shape of the delay discounting function closely resembled that of hypothetical 
monetary rewards commonly reported in the literature.
Although these previous studies show that delay discounting occurs when individuals make 
decisions in some general texting scenarios, it is still unknown whether delay discounting is 
a major process that underlies drivers’ decisions to engage in texting while driving. In 
addition, the delay discounting task in the previous studies involved both hypothetical 
money (gain or loss) and hypothetical opportunity to engage in texting (send or read/reply). 
Because drivers typically do not text while driving for monetary gains or losses, further 
investigation is needed to determine whether the value of texting behavior, like the value of 
monetary rewards, is directly affected by delays in opportunities to read or reply to them.
The first purpose of the present study was to determine whether decision making concerning 
texting while driving could be well characterized using the discounting paradigm. Based on 
the well validated Sexual Delay Discounting Task developed by Johnson and his colleagues 
(e.g., Johnson and Bruner, 2012, 2013; Johnson et al., 2015), we developed a novel delay 
discounting task that presented drivers with a hypothetical scenario in which, after receiving 
a text message while driving, they were asked to rate the likelihood of replying to a text 
message immediately versus waiting to reply for a specific period of time. It was 
hypothesized that the subjective value of opportunities to respond to a text message received 
while driving will be discounted as a function of the delay (i.e., waiting time).
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The second purpose of the present study was to test three mathematical models of delay 
discounting to determine which model best describes the discounting process in texting 
while driving. Eq. (1) is an exponential model (Samuelson, 1937):
(1)
where V refers to the subjective or discounted value of a delayed reward, A refers to the 
reward amount, D refers to the delay to the reward, and k is a free parameter that reflects the 
rate of discounting. Higher k values indicate greater discounting and thus greater impulsivity 
(Bickel and Marsch, 2001). The exponential model is based on normative economic theory 
(Lancaster, 1963), and it predicts a constant rate of discounting across delays to receiving an 
outcome.
Eq. (2) is a hyperbolic model (Mazur, 1987):
(2)
where the parameters are the same as in Eq. (1). The hyperbolic model predicts a 
disproportional rate of discounting across different delays (i.e., the rate of discounting 
decreases as delay increases).
Eq. (3) is a hyperboloid model (Myerson and Green, 1995):
(3)
This equation is the same as Eq. (2) except for the inclusion of a free parameter s that 
reflects sensitivity to delay. Indeed, when the value of s is 1.0, Eq. (3) can be reduced to Eq. 
(2).
Determining the form of discounting functions is important because it has important 
behavioral implications (Green and Myerson, 1996). First, different mathematical functions 
lead to different predictions regarding behavior. For example, both hyperbolic and 
hyperboloid functions predict the occurrence of preference reversals, which refer to a shift in 
preference from a larger-delayed reward to a smaller-immediate reward as the receipt of the 
reward approaches (Green et al., 1981). As mentioned previously, one hallmark of texting 
while driving is that drivers often engage in texting while driving despite being aware of its 
danger. This phenomenon may be accounted for by preference reversals (details will be 
discussed later). Second, the form of mathematical functions provides clues as to the 
mechanism underlying a behavior of interest because different mathematical functions 
assume different ways in which the behavior changes. For example, exponential discounting 
assumes that individuals will make rational choices that maximize utility, and once a choice 
is made, it remains constant over the delay (Madden and Johnson, 2010). By contrast, the 
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hyperbolic and hyperboloid functions do not assume rationality of choice; preferences may 
shift, or reverse, across different delays.
The third purpose of the present study was to investigate whether drivers who frequently text 
while driving discount an opportunity to reply to a text message received at a greater rate 
than those who infrequently text while driving. A previous study demonstrated that drivers 
who reported a high frequency of texting while driving discount hypothetical monetary 
rewards (Hayashi et al., 2015), but it is unknown whether such drivers will discount an 
opportunity to engage in texting while driving as a social reward. Three groups of 
participants that differed in terms of frequency of texting while driving were compared on 
the extent to which they discounted the opportunity to reply to a text message while driving. 
It was hypothesized that greater discounting will be associated with greater frequency of 
texting while driving: drivers who text while driving most frequently show the greatest rates 
of discounting.
Finally, the fourth purpose of the present study was to examine whether delay discounting 
involved in texting while driving is similar to delay discounting involved in choosing 
monetary rewards. If sensitivity to delayed outcomes is a pervasive individual characteristic 
(Odum, 2011a, 2011b), then individuals with such a characteristic should make impulsive 
choices regardless of out comes to be discounted (see Bickel et al., 2012; for a discussion on 
delay discounting as a trait-like, trans-disease process). This view of delay discounting as a 
trait variable predicts that drivers who discount the opportunity to reply to a text message at 
a greater rate will also discount monetary rewards at a greater rate. On the other hand, if 
decision making for texting while driving is different from decision making for monetary 
rewards, which is consistent with the view of delay discounting as a state variable, then 
drivers who discount the opportunity to reply to a text message at a greater rate may not 
necessarily discount monetary rewards at a greater rate. Consistent with the results of 
Hayashi et al. (2015), which demonstrated that drivers who frequently text while driving 
discounted monetary rewards at a greater rate, it was hypothesized that individuals’ delay 
discounting rates of opportunities to text while driving will be significantly correlated with 
that of monetary rewards.
2. Material and methods
2.1. Participants
One hundred and eight undergraduate students enrolled in an introductory psychology 
course at a university in the Northeastern United States participated. They were offered 
course credit for participation. Students who reported that they had no history of driving on 
the demographic survey (N = 15) were excluded from the study and their data were not 
analyzed. Students who reported contradictory information on their frequency of texting 
while driving (i.e., reporting that they always send a text message while driving but the 
number of days in which they sent a text message was 0 in the past 30 days; N = 3) were 
also excluded from the study. The remaining sample was composed of 37 male and 53 
female students. Their mean age, years of higher education, and years driving were 19.7 (SD 
= 3.4; ranging from 18 to 42), 1.7 (SD = 1.1; from 1 to 6), and 3.5 (SD = 3.2; from 1 to 24), 
respectively.
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2.2. Procedure
A session was hosted online by Qualtrics (Provo, UT). Participants received an email 
through the Qualtrics website that contained the link to the online tasks. After the 
participants agreed to participate, they completed a demographic questionnaire and two 
delay discounting tasks: one with a hypothetical scenario of texting while driving and the 
other with hypothetical monetary rewards. The Institutional Review Board at the 
Pennsylvania State University approved the study protocol.
2.2.1. Demographic questionnaire—The questionnaire collected information such as 
age, gender, years of higher education, and years driving, and included three questions on 
the number of days in which they initiated, read, or replied to a text message while driving 
during the past 30 days (e.g., “During the past 30 days, on how many days did you initiate a 
text while driving?”). The questionnaire also measured self-reported frequency and 
perceived danger of initiating, reading, and replying to a text message while driving using 
portions of a questionnaire developed by Atchley et al. (2011). The questionnaire employed 
a 7-point Likert scale ranging from 1 (never) to 7 (always) for Frequency and 1 (not at all) to 
7 (extremely) for Perceived Danger.
Based on the mean days of initiating, reading, and replying to a text message during the past 
30 days, the participants were assigned to either of High (top-third percentiles, N = 30), 
Middle (middle-third percentiles, N = 30), and Low (bottom-third percentiles, N = 30) 
groups. When more than one student reported the same mean days of texting while driving, 
the mean self-reported frequency of texting while driving was used for the group 
assignment. Only two participants reported the same days and frequency of texting while 
driving. Their group assignment was determined randomly by a coin toss.
2.2.2. Delay discounting task with a hypothetical opportunity to text—The task 
was based on the Sexual Delay Discounting Task developed by Johnson and his colleagues 
(e.g., Johnson et al., 2015). Using visual analog scales (VAS), participants rated their 
likelihood of replying to a text message immediately versus waiting to reply for a certain 
period of time. The task presented the following scenario:
Imagine that your significant other (or your best friend) has just sent a text message saying 
“text me asap” while you are driving at 40 mph. You will arrive at your destination in 30 s.
Please rate how likely you are to reply to the message now versus waiting for 30 s.
In this task, the VAS was a horizontal line labeled from 0 to 100 in increments of 10 with the 
descriptive anchors, definitely reply now and definitely wait. The VAS was located 
immediately below the instruction. The participants clicked on the slider and moved it across 
the horizontal line in order to indicate their likelihood of waiting until the destination. This 
scenario was presented six times with the only difference being the delay to the destination 
(30 s, 3 min, 15 min, 1 h, 2 h, and 6 h presented in this order). Each delay consisted of the 
same VAS (labeled 0–100 in increments of 10) presented on a separate screen.
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2.2.3. Delay discounting task with a hypothetical monetary reward—The delay 
discounting procedure, which required participants to make decisions based on hypothetical 
monetary rewards, was adapted from Rachlin et al. (1991). Participants were asked to choose 
between a smaller amount of hypothetical money available immediately and a larger amount 
of hypothetical money available after some delay. There were seven delay values—1 week, 2 
weeks, 1 month, 6 months, 1 year, 3 years, and 10 years—each presented on a separate 
screen. Participants made a total of 30 hypothetical choices for each of the seven delay 
values. On each screen, the smaller immediate rewards, ranging from $1 to $1000 (1, 5, 10, 
20, 40, 60, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 
850, 900, 920, 940, 960, 980, 990, and 1000), were listed in ascending order in a column to 
the left and the larger delayed reward was presented in a column to the right. The larger 
reward was always $1000 available after a fixed delay. Participants indicated the reward they 
preferred by clicking a radio button to the left of each reward value.
2.3. Data analysis
For demographic and texting-related measures, the data on ratio (e.g., age), ordinal (e.g., 
frequency of texting while driving), and categorical (e.g., gender) scales were analyzed with 
a one-way analysis of variance (ANOVA), a Kruskal-Wallis test, and a chi square test, 
respectively. For the delay discounting assessment, Eqs. (1)–(3) were fitted to both group 
and individual data using least squares nonlinear regression performed with the Solver 
function in Microsoft Excel 2013. The equations could not be fitted to data from eight 
participants because the likelihood of waiting did not differ across delays (e.g., a participant 
always chose to wait until destination). These data were excluded when analyzing the fit of 
the equations based on the data obtained from individual participants (Johnson and Bickel, 
2008), although the data were included for the rest of the analyses. To compare the goodness 
of fit of the equations, values of Akaike Information Criterion with small sample correction 
(AICc; Burnham and Anderson, 2002) were calculated at both group and individual levels. 
Smaller AICc values indicate better fits. Because AICc deals with the trade off between the 
goodness of fit of the equation and its complexity (i.e., the number of free parameters), it is 
ideal for comparison of equations that differ in the number of free parameters. Despite its 
frequent use, R2 is not an adequate measure for the goodness of fit in nonlinear models 
(Spiess and Neumeyer, 2010). Therefore, we used AICc values only when comparing the 
goodness of fit of the equations (see Takahashi et al., 2008; for similar exclusive use of AICc 
values). Because the AICc values calculated by fitting each equation to individual participant 
data were not normally distributed, the comparison of the values across equations was 
performed with the Friedman test. Post-hoc comparisons were conducted with the Wilcoxon 
signed-rank test with Bonferroni correction. To compare the degree of delay discounting 
across groups that differed in frequency of texting while driving, the area under the 
discounting curve (AUC), a descriptive, non-theoretical measure of discounting, was 
calculated for each participant based on the method described by Myerson et al. (2001). For 
the delay discounting task with hypothetical money, the AUC was calculated based on 
indifference points—the points at which the subjective value of the smaller immediate 
reward and the larger delayed reward are equivalent. Indifference points were calculated 
using the method described by Rachlin et al. (1991). The comparison of the AUC values 
across groups was performed with the Kruskal-Wallis test because the data were not 
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normally distributed. Post-hoc comparisons were conducted using the Mann-Whitney test 
with Bonferroni correction. Finally, correlational analyses among all the demographics and 
both delay discounting measures were performed by calculating Pearson correlation 
coefficients. All statistical analyses were performed with SPSS Version 23. The statistical 
significance level for all tests was set at 0.05.
3. Results
Table 1 shows the demographic characteristics, self-reported days and frequency, and 
perceived danger of texting while driving for the three groups. Significant differences 
between groups were found for self-reported days of texting while driving, F(2, 87) = 
111.97, p < 0.001; and self-reported frequency of texting while driving, χ2(2) = 38.97, p < 
0.001. No significant differences between groups were found for gender, χ2(2) = 3.95, p = 
0.139; age, F(2, 87) = 0.08, p = 0.923; years of higher education, F(2, 87) = 0.78, p = 0.463; 
years driving, F(2, 87) = 0.29, p = 0.747; and perceived danger of texting while driving, 
χ2(2) = 5.99, p = 0.050.
Fig. 1 shows the group median and the 25th and 75th percentiles of likelihood of waiting 
until the destination and best-fitting discounting functions for Eqs. (1) through (3). The data 
are the group aggregates that include the 90 participants. In general, the likelihood of 
waiting decreased as a function of delay until the destination, suggesting that the value of the 
opportunity to reply to a text message as a reward is subject to delay discounting. With 
respect to the goodness of the fits of the equations, the AICc values for all 25th percentile, 
median, and the 75th percentile were lowest with the hyperbolic equation, followed by the 
hyperboloid equation (see Fig. 1).
To further compare the quality of the fit, each equation was fitted to the data obtained from 
each participant. The exponential and hyperbolic equations provided better fits to the 
individual data: a significant difference in AICc values was found among Equations (χ2(2) = 
79.63. p < 0.001). Post-hoc comparisons showed significant differences between the 
exponential and hyperboloid functions (Z = 6.20, p < 0.001, r = 0.68) and between the 
hyperbolic and hyperboloid functions (Z = 7.01, p < 0.001, r = 0.77), but not between the 
exponential and hyperbolic functions (Z = −0.53, p = 0.600, r = 0.06). Visual inspection of 
the AICc values indicated a superior fit for the hyperbolic equation in 47 out of 82 cases 
(57.3%) over the exponential equation. Assuming each equation is equally likely to be the 
better fit to individual data (p = 0.5), binomial probability that the hyperbolic equation 
produces a better fit by chance in 47 or more out of 82 cases is only 0.11. Based on these 
results and the results of the group data, we concluded that the hyperbolic discounting 
equation was the best choice for describing the present data sets.
Fig. 2 shows the median likelihood of waiting as a function of delay until the destination for 
the three groups that differ in self-reported days of texting while driving. The curves were 
plotted as hyperbolic functions only. Visual analysis of the figure reveals that the rate of 
discounting was much greater for High and Middle groups than for the Low group.
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To further analyze the difference between groups, the AUC was calculated based on the data 
obtained from each participant. The upper panel of Fig. 3 shows median AUC based on the 
likelihood of waiting for the three groups. A significant main effect of Group on AUC was 
revealed (χ2(2) = 22.74, p < 0.001). Post-hoc comparisons showed significant differences 
between the High and Low groups (U = 127.00, p < 0.001, r = 0.62) and between the Middle 
and Low groups (U = 265.50, p = 0.018, r = 0.35).
The AUC, based on the indifference points obtained from delay discounting of hypothetical 
monetary rewards, was also calculated for each participant. The lower panel of Fig. 3 shows 
median AUC for the three groups. Unlike the AUC based on the likelihood of waiting, no 
significant main effect of Group on AUC based on the monetary rewards was revealed 
(χ2(2) = 0.00, p = 0.998).
Table 2 shows Pearson correlation coefficients of the demo graphic characteristics and the 
delay discounting measure. This analysis was conducted because splitting the participants 
into three groups instead of two, four, or n groups is somewhat arbitrary. Consistent with the 
data in Fig. 2 and the upper panel of Fig. 3, the AUC based on the likelihood of waiting was 
significantly negatively correlated with both self-reported days of texting while driving, 
r(88) = −0.42, p < 0.001, and self-reported frequency of texting while driving, r(88) = −0.45, 
p < 0.001. On the other hand, the AUC based on the monetary rewards was not significantly 
correlated with either self-reported days of texting while driving, r(88) = 0.05, p = 0.626, or 
self-reported frequency of texting while driving, r(88) = 0.06, p = 0.557. In addition, the 
correlation between the AUC based on the likelihood of waiting and the AUC based on the 
monetary rewards was positive but not significant, r(88) = 0.09, p = 0.398. Second, the 
perceived danger of texting while driving was significantly negatively correlated with self-
reported days of texting while driving, r(88) = −0.32, p = 0.002, but not with self reported 
frequency of texting while driving, r(88) = −0.15, p = 0.171. Finally, the AUC based on the 
likelihood of waiting was not significantly correlated with the perceived danger, r(88) = 
0.17, p = 0.117.
4. Discussion
The purpose of the present study was to examine an impulsive decision-making process 
underlying texting while driving from a behavioral economic perspective. To this end, we 
developed a novel delay discounting task using a hypothetical scenario in which participants 
rated their likelihood of immediately replying to a text message they received while driving 
versus waiting to reply until arriving at the destination. The likelihood of waiting decreased 
as a function of delay until the destination. In addition, this decrease in likelihood was well 
described by the hyperbolic function, suggesting that delay discounting is an underlying 
process of drivers’ decision to engage in texting while driving. There were differences in 
discounting between the two types of outcomes. Drivers who self-reported more days of 
texting while driving showed greater rates of discounting the likelihood of waiting, although 
there was no difference in the rate of discounting of hypothetical monetary rewards among 
groups. The correlation of rates of delay discounting between the two types of outcomes was 
positive but weak.
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All participants reported a high propensity to wait until their destination if the delay is very 
short (e.g., 30 s), but adding a relatively short delay (e.g., 15 min) greatly reduced the 
likelihood of waiting in the groups of participants who self-reported moderate and high 
number of days of texting while driving. This indicates that delay is a critical variable in 
drivers’ decision to engage in texting while driving, and this novel delay discounting task 
appears to provide a practically meaningful assessment of this phenomenon. In addition, 
obtaining patterns of discounting that are similar to those of other frequently studied 
behavioral phenomena, such as substance abuse (MacKillop et al., 2011), would suggest that 
drivers make decisions regarding text messaging in a fundamentally similar manner to 
humans’ and other animals’ decisions regarding delayed reinforcers in general.
Several previous studies (e.g., Charlton and Fantino, 2008; Johnson et al., 2010; Odum, 
2011b; Rasmussen et al., 2010) have reported significant positive correlations between 
discounting rates of one outcome (e.g., money) and another outcome (e.g., drug or food). It 
is important to note that these studies have also reported that delay discounting can depend 
on the nature of the outcome being discounted, as in the present study. Particularly, this 
domain specificity in delay discounting has been consistently observed between sexual and 
monetary outcomes when delay discounting of sexual outcomes was assessed in a similar 
procedure to the one used in the present study (Herrmann et al., 2014; Johnson and Bruner, 
2012; Johnson et al., 2015). Perhaps delay discounting of an opportunity to reply to a text 
message and delay discounting of monetary reward involve different decision-making 
processes, which highlights the importance of investigating delay discounting processes with 
respect to the specific outcome associated with texting while driving.
Nevertheless, the results of the present study are inconsistent with those of Hayashi et al. 
(2015), who found that the group of students who frequently text while driving discounted 
hypothetical monetary rewards at a greater rate. This difference may be due to some 
methodological differences across these studies. For example, Hayashi et al. used a paper-
and-pencil based task, whereas the present study used a computer-based task, although both 
studies used Rachlin et al.’s (1991) procedure. Another possibility is a sampling issue. The 
value of self-reported frequency of texting while driving of the high-frequency group is 
somewhat lower in the present study than in Hayashi et al.’s study. Although the grouping 
method was different and thus a direct comparison cannot be made, the mean self-reported 
frequency was 4.2 (Table 1) and 5.6 (Table 1 in Hayashi et al., 2015) for the present and 
Hayashi et al.’s studies, respectively. Perhaps, if the sample of the present study had 
involved students who text while driving more frequently, the results might have been 
different. Nevertheless, future research should determine whether the difference in these 
findings is due to study parameters.
4.1. Delay discounting as an underlying process
Most research on texting while driving has focused on identifying associated personality or 
demographic variables (e.g., impulsivity; Quisenberry, 2015). Therefore, the propensity to 
engage in texting while driving is often treated as a trait variable that is best investigated 
with between-subject experimental designs (i.e., comparing groups). A finding of the present 
study—that the group of students who most frequently text while driving showed the 
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greatest rates of delay discounting of the hypothetical opportunity to reply to a text message
—is consistent with this notion. Nevertheless, it is important to note that the domain 
specificity observed in this study supports the notion that the propensity to discount the 
value of the opportunity to reply to a text message is also a state-like variable that can be 
investigated with within-subjects designs (cf. Odum, 2011a, 2011b). Accordingly, it is 
noteworthy that even the group of drivers who most frequently text while driving showed the 
greater likelihood of waiting to reply to a text message when the delay to the destination was 
short, and minor manipulations in delay (e.g., increase from 5 min to 15 min) showed a 
robust decrease in the likelihood of waiting to reply (see Fig. 2).
One way to characterize such within-subject changes is the notion of preference reversals. 
To illustrate how texting while driving involves a preference reversal, consider the 
hypothetical scenario involving a choice between two opportunities to text: a sooner 
opportunity to text while driving with a risk of a motor vehicle crash (sooner-risky 
opportunity) and a later opportunity to text after arriving at a destination without a risk of a 
crash (later safe opportunity) shown in Fig. 4 (cf. see Hayashi et al., 2015; for an alternative 
way of conceptualizing preference reversal in texting while driving). Note that, unlike Figs. 
1 and 2, Fig. 4 depicts changes in the subjective value of the opportunity to text as a reward 
as a function of time. Time A depicts the moment when the sooner-risky opportunity is 
available (white bar) and Time B depicts the moment when the later-safe opportunity is 
available (black bar). The length of the bars represents the subjective value of the 
opportunities (i.e., the safer opportunity has higher subjective value). Hypothetical delay-
discounting functions show how the subjective value of the sooner-risky opportunity (dashed 
line) and the later-safe opportunity (solid line) changes as a function of time. Preference 
reversals occur only when rates of discounting are moderately high and Fig. 4 shows such a 
case (i.e., case for the High group in Fig. 2). When the availability of both opportunities is 
temporally remote (e.g., a text message that does not need an immediate reply) at Time C, 
drivers would place a greater value on the later-safe opportunity over the sooner-risky 
opportunity. On the other hand, at Time D when the availability of the sooner-risky 
opportunity is temporally proximate (e.g., receiving a text message while driving), impulsive 
drivers place a greater value on the sooner-risky opportunity over the later-safe opportunity 
after a preference reversal.
Because drivers who frequently text while driving discount the value of a delayed 
opportunity to reply to a text message to a greater extent, they may devalue the benefits of 
safety to such a degree that these devalued benefits cannot adequately compete with the 
immediately rewarding consequences of texting while driving after a preference reversal. 
This may explain why drivers engage in texting while driving despite being aware of its 
dangers (Atchley et al., 2011; see also Table 1). Indeed, a number of addictive disorders, 
such as substance abuse, are also characterized by a persistent desire for self-control and 
repeated failures to achieve it (Madden and Johnson, 2010), and one proposed mechanism 
underlying the self-control failure is preference reversal (MacKillop et al., 2011). Whether 
texting while driving should be regarded as what we call “behavioral addiction” (Ascher and 
Levounis, 2015) is beyond the scope of this paper; however, the similarity between texting 
while driving and other addictive and impulsive behaviors suggests that approaches that are 
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shown to be effective for these behaviors may also be effective for texting while driving (see 
Hayashi et al., 2015; for potential intervention strategies for texting while driving).
Both hyperbolic and hyperboloid delay-discounting functions posit that the rate of 
discounting decreases as delay increases and can predict preference reversals. The 
exponential function, on the other hand, posits that the rate of discounting decreases 
constantly as delay increases and can predict preference reversals only if the rate of 
discounting of smaller-sooner rewards is assumed to be greater than that of larger-later 
rewards (Green et al., 1981). This assumption is valid with humans (magnitude effects; 
Green et al., 1997) but not with nonhumans (Madden and Johnson, 2010). In addition, 
although the exponential function is a popular normative model of economic behavior, 
previous research has documented systematic deviation from the exponential discounting in 
humans (e.g., Green et al., 1994; Kirby, 1997; Rachlin et al., 1991), including individuals 
addicted to drugs (e.g., Bickel et al., 1999; Madden et al., 1999). The present study is 
consistent with these previous studies, indicating that delay discounting of an opportunity to 
reply to a text message while driving conform to a hyperbolic function. Collectively, 
preference reversal may be essential for understanding the self-control failure in texting 
while driving, and the good fit of the data to the hyperbolic equation supports the conclusion 
that hyperbolic discounting is an important process involved in texting while driving.
4.2. Limitations
Several limitations of the present study need to be discussed. First, both delay discounting 
tasks involved hypothetical outcomes. Therefore, it is possible that participants’ choices do 
not reflect the actual choices if the outcomes had been real. Indeed, previous research on 
risk-taking has shown that individuals tend to take more risks when outcomes are 
hypothetical than when they are real (e.g., Irwin et al., 1992); however, it would be ethically 
problematic to let participants actually reply to text messages while they are driving. In 
addition, numerous studies with delay discounting of monetary rewards suggest that 
hypothetical and real monetary rewards produce similar results (Baker et al., 2003; Bickel et 
al., 2009; Johnson and Bickel, 2002; Johnson et al., 2007; Lagorio and Madden, 2005; 
Madden et al., 2003, 2004). These studies established the validity of using hypothetical 
monetary rewards and the same may be true for the delay discounting of a hypothetical 
opportunity to reply to a text message.
Second, self-reported data were used to measure the frequency and days of texting while 
driving. Previous research has documented the tendency to underreport socially 
inappropriate behavior (Wentland, 1993). It is important to conduct naturalistic driving 
studies that involve observational data of actual texting behavior, perhaps using an on-board 
camera (e.g., Klauer et al., 2014). Another possibility would be to use a software that 
automatically records the number of text messages read and sent while driving, although it is 
technologically very difficult to separately count text messages read and sent as a driver or 
as a passenger. Nevertheless, to fully validate this novel delay discounting procedure, 
conducting naturalistic driving studies in some way would be an important future direction.
Third, the sample size was relatively small and the sample exclusively consisted of college 
students. Certainly, a larger and more diverse sample would be ideal and future research 
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should utilize such a sample. This is particularly important to establish external validity of 
the present study. Given the exploratory nature of the present study, however, the relatively 
small sample size may be justified. In addition, although the exclusive use of college 
students was employed for the sake of convenience, it is important to note that college 
students are indeed an important target population who is at risk for texting while driving. In 
this sense, the exclusive use of college students may be considered as both a limitation and a 
strength of the present study (cf. Feldman et al., 2011).
Finally, it is important to note that decisions to engage in texting while driving should stem 
from biases in not only delayed outcomes but also probabilistic outcomes (i.e., under- or 
over-estimating the probability of motor vehicle crashes). The discounting task in the present 
study could be modified to assess probability discounting—the subjective devaluation of a 
reward or an aversive outcome as a function of the probability of its occurrence (Green and 
Myerson, 2010). Perhaps the decision to engage in texting while driving is a function of both 
types of discounting. As an initial step to develop the novel discounting procedure, the 
present study addressed only delay discounting, but future research should address 
probability discounting as well.
4.3. Conclusion and future research
In the present study, the rate of delay discounting of the hypothetical opportunity to text 
while driving was significantly correlated with participants’ self-reported days and 
frequency of texting while driving. This finding suggests that the novel delay discounting 
task developed in the present study has predictive validity. More studies are needed to 
further test the validity of this task. For example, construct validity of the present task should 
be assessed by testing whether the task is sensitive to variables known to affect rates of 
discounting, such as magnitude of rewards (i.e., larger rewards are discounted less; e.g., 
Green et al., 1997). Also, testing whether rates of discounting in the present task correlated 
with other relevant measures, such as cellphone dependency (Billieux et al., 2007; Igarashi 
et al., 2008) or frequency of distracted driving (Bergmark et al., 2016), is also important to 
further validate the present task.
The present results support the possibility that delay discounting effectively models the 
choice between immediate text messaging versus waiting until arriving at a destination. 
Accordingly, a delay discounting task may serve as a useful research tool (cf. Sigurdsson et 
al., 2013) that allows for the investigation of other variables that might affect texting while 
driving. These variables may include those associated with drivers (e.g., personality trait), 
the sender (e.g., closeness of the relationship, importance of the message), or environmental 
conditions (e.g., traffic, weather). The task may also be adapted for studying delay 
discounting associated with other forms of texting while driving (e.g., reading or initiating a 
text message), other uses of mobile electronic devices (e.g., voice, email, and social media), 
and even other forms of distracted driving (e.g., eating and drinking).
An understanding of the variables that influence the decision to text while driving is 
fundamental to the prevention and reduction of the problem. The research tool can be used 
to reveal important variables that lead not only to more effective prevention strategies but 
also to the development of promising solutions that can reduce texting while driving. For 
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example, the effectiveness of an intervention that is shown to be effective for other 
impulsivity-related problems can be tested using this delay discounting procedure as a 
research tool. An example of such an intervention is the one that uses episodic future 
thinking, which refers to “an ability to project the self forward in time to pre-experience an 
event” (Atance and O’Neill, 2001; p. 537). Engaging in episodic future thinking leads to a 
more salient representation of the event imagined. Several previous studies have investigated 
therapeutic effects of episodic future thinking on altering discounting rates, and 
demonstrated that individuals who engaged in episodic future thinking made less impulsive 
choices (Daniel et al., 2015; Dassen et al., 2016; Kaplan et al., 2016). The effectiveness of 
episodic future thinking in reducing texting while driving can be tested using the delay 
discounting procedure developed in the present study.
In conclusion, the present study supports the notion that texting while driving is 
fundamentally an impulsive choice—the choice to text while driving results in instant at the 
expense of safety. It was also shown that delay discounting may be a useful paradigm for 
better understanding this at-risk behavior. Although the delay discounting task developed in 
the present study requires further validation, the task shows promise for elucidating the 
important variables responsible for texting while driving as well as for evaluating effective 
intervention strategies.
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Fig. 1. 
Likelihood of waiting as a function of delay to the destination fitted to all three equations. 
The 25th percentile (25%), median (Med), and 75th percentile (75%) were calculated from 
aggregated group data (N = 90).
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Fig. 2. 
Median likelihood of waiting as a function of delay to the destination for the three groups 
that differ in self-reported days of texting while driving (N = 30 for each group). The 
inserted panel is provided to better illusrate the likelihood at small delays.
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Fig. 3. 
Median area under the curve (AUC) of individual participants in three groups that differ in 
self-reported days of texting while driving. The upper and lower panels show the data on the 
likelihood of waiting until the destination and the subjective value of hypothetical monetary 
rewards, respectively. The error bars represent 25th and 75th percentiles. *p < 0.05. ***p < 
0.001.
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Fig. 4. 
Hypothetical scenario for impulsive drivers with high rates of delay discounting. Time A 
depicts the moment when a sooner-risky opportunity is available (white bar), and Time B 
depicts the moment when a later-safe opportunity is available (black bar). Hypothetical 
delay-discounting functions are shown for the sooner-risky opportunity (dashed line) and the 
later-safe opportunity (solid line). At Time C, the availability of both opportunities is 
temporally remote, and thus drivers would place a greater value on the later-safe opportunity. 
At Time D, drivers place a greater value on the sooner-risky opportunity after a preference 
reversal.
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Table 1
Demographic Characteristics for Three Groups.
Characteristics Low TWD Middle TWD High TWD
Gender
  Male 8 15 14
  Female 22 15 16
Age in years 19.5 (4.3) 19.9 (3.3) 19.8 (2.2)
Years of higher education 1.5 (1.0) 1.7 (1.0) 1.9 (1.3)
Years driving 3.1 (4.0) 3.7 (3.0) 3.8 (2.1)
Days of TWD*** 0.1 (0.3) 2.9 (1.8) 12.4 (5.4)
Frequency of TWD*** 1.9 (1.0) 2.7 (1.2) 4.2 (1.2)
Danger of TWD 6.8 (0.5) 6.4 (0.7) 6.2 (1.0)
Note. Values are means (and standard deviations) except for Gender.
TWD = Texting While Driving.
***p < 0.001.
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